A Single-pass Reduced Tillage Technique for the Establishment of Short-Rotation Poplar (Populus spp.) Plantations by Alberto Assirelli et al.
	 Original	scientific	paper
Croat. j. for. eng. 37(2016)1 61
 
A Single-pass Reduced Tillage Technique 
for the Establishment of Short-Rotation 
 Poplar (Populus spp.) Plantations
Alberto Assirelli, Enrico Santangelo, Raffaele Spinelli, Luigi Pari
Abstract
In Italy, there has been a significant increase of the areas cultivated with short-rotation for-
estry (SRF) poplar (Populus spp.) for the production of lignocellulosic biomass. This species 
has been generally introduced on soils managed with conventional farming practices that led 
to the formation of a hardpan. This constitutes a serious obstacle for root development and 
water availability, which affect the successful establishment of the plantation. To this end the 
Unit of Agricultural Engineering of the Agricultural Research Council (CRA-ING) has de-
veloped a new system for reduced tillage (RT), to be used during the establishment of SRF 
poplar. This new system aims at breaking the tillage pan and at reducing both traffic inten-
sity and site preparation cost. A new machine has been developed, which is based on a com-
mercial rotary plough, suitably modified by adding a shank subsoiler. This machine can perform 
both deep soil ripping and surface ploughing in a single pass, treating narrow strips where 
poplar cuttings are to be planted. The study compared conventional tillage (CT) with RT, 
showing that latter allowed a dramatic reduction of the number of field operations and of all 
related problems, while creating better conditions for poplar rooting without meaningful effects 
on yield.
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harrowing)	 and	 is	 applied	 to	 all	 the	 field	 surface.	
Therefore,	RT	obtains	a	dramatic	reduction	of	field	







2. Material and methods
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Table 1 Dimensional features of the machines used in the study
Operation Machine Make/Model Power, CV Total weight, Mg
Working data
Depth, m Width, m
Conventional Tillage
Subsoiling
Tractor John Deere 7810 185 6.74 0.5 –
Subsoiler Rinieri – 0.87 – –
Ploughing
Tractor John Deere 7810 185 6.74 – –
Reversible two-share plough Mattioli – 1.30 0.4 –
First harrowing
Tractor John Deere 6400 100 4.63 – –
Rotary harrow Maschio 3000 – 1.01 – 3
Second harrowing
Tractor John Deere 7810 185 6.74 – –
Spring harrow Fraternali – 1.08 0.25 3
Reduced Tillage
Tractor John Deere 3050 115 5.54 – –
Falc Land 1500 modified Rotary lances plus central ripping tool – 1.90 0.84 1.5 (3)
Fig. 1 Falc/CRA-ING prototype: rotary apparatus and ripping tool (left); the rotary plough during the work (right)
A. Assirelli et al. A Single-pass Reduced Tillage Technique for the Establishment of Short-Rotation Poplar ... (61–69)
64 Croat. j. for. eng. 37(2016)1




















Þ  On	February	28th	 2008,	 the	field	was	planted	
with	poplar	cuttings.




















3. Results and discussion






























Fig. 2 Diagram showing the position of the vertical blade performing the soil refinement
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Fig. 3 Rainfall and average temperatures at the site of the experimental trial during period of observation
Fig. 4 Height of poplar AF2 and Monviso clones measured four 
(June) and eight (October) months after transplant and treated with 
RT (reduced tillage) or CT (conventional tillage); data are the mean 
of thirty-five trees ±S.E.
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of	 speed,	 compared	with	 the	 rotary	 plough.	 That	
brought	no	substantial	reduction	of	work	efficiency.	In	
fact,	although	performing	the	functions	of	a	rotary	







Fig. 5 Class frequency of the heights of poplar AF2 and Monviso clones treated with RT (reduced tillage) or CT (conventional tillage) measured 
in June (a and b) and in October (c and d)
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Fig. 6 Percentage of cuttings survival (%±SE) of AF2 and Monviso 
clones registered two months (April) after the transplant and treat-
ed with RT (reduced tillage) or CT (conventional tillage); significant 
differences between treatment within each clone were determined 
by Student’s t-test; **p<0.001 probability levels, is not significant
Table 2 Operative data of the machines employed
Reduced Tillage Conventional Tillage
Falc Land 1500 modified Subsoiler Reversible two-share plow Rotary harrow Spring harrow
Effective speed, km/h 1.91 2.66 1.51 2.20 4.28
Operative speed, km/h 1.80 2.48 1.37 2.09 4.00
Working capacity, ha/h 0.54 0.75 0.41 0.63 1.20
Effective work time, % 94.93 94.12 91.38 96.17 93.10
Delays, % 5.07 5.88 8.62 3.83 6.90
Total work time, % 100.00 100.00 100.00 100.00 100.00
Fig. 7 Detailed delays registered for soil preparation of poplar plant-
ing by CT and RT
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Table 3 Soil surface exposed to trampling by tilling machines used during the trial
Tyre width of the tractor, mm
Total weight of the unit, Mg
Width
Front Rear Trampleda, m Worked, m Ratio trampled/worked, %
Conventional Tillage
Subsoiling 540 710 7.60 1.42 2.0 71.0
Ploughing 540 710 8.04 1.42 1.2 118.3
First harrowing 380 420 5.64 0.84 3.0 28.0
Second harrowing 540 710 7.82 1.42 3.0 47.3
Reduced tillage
Falc Land 1500 380 420 7.44 0.84 3.0 28.0
a Calculated for the rear tires
Table 4 Economic aspects of the tilling machines analyzed during 
the trial




First harrowing 40.20 63.81
Second harrowing 53.87 44.89
Reduced tillage
Falc Land 1500 modified 54.97 109.46
Fig. 8 Fuel consumption (l/ha) and machine mass (Mg) ascribed to 
RT and CT
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